Purpose: The D-EYE device, a new fundoscopic smartphone lens, has demonstrated its utility in a clinical setting to detect and document ocular pathology, but has not been tested in the pediatric population. A prospective study was performed to explore the application of D-EYE in pediatric fundus examinations. Methods: Patients ages 3 -18 years old underwent dilated fundus examinations by masked examiners using the video function of the D-EYE, while indirect ophthalmoscopy was performed by apediatric ophthalmologist. The examiners independently analyzed the D-EYE videos for the presence or absence of abnormalities, cup-to-disc (c/d) ratios and optic nerve size and color. The D-EYE video findings were compared to indirect ophthalmoscopy findings. Results: The study included 172 eyes from 87 patients. In comparing D-EYE to indirect ophthalmoscopy for detecting fundus abnormalities, the sensitivity was 0.72, specificity was 0.97, positive predictive value (PPV) was 0.77, negative predictive value (NPV) was 0.97, positive likelihood ratio (LR) was 27.8, and negative LR was 0.29. The agreement rate between the D-EYE video graders for the c/d ratio within a value of 0.1 was 97.0%. Multiple, distinct abnormalities were discovered using the D-EYE device, including nystagmus, optic nerve hypoplasia, optic disc edema, peripapillary atrophy, disc pallor, and optic disc drusen. Conclusion: Fundoscopic imaging using the D-EYE smartphone lens reliably detects the presence of fundus abnormalities and has good reliability in assessing c/d ratios. The video capability is useful in patients with nystagmus or those who are poorly compliant with the examination and allowed for effective teaching by the pediatric ophthalmologist.
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Introduction
In a world of rapidly-evolving technology and growing demand to lower healthcare expenditures, the increasing availability and utility of smartphones are transforming the field of medicine. In the realm of ophthalmology, smartphones are now being used more routinely to document patients' ocular conditions. The use of smartphones to inexpensively capture fundus images to diagnose and document pathology shows great promise towards increasing accessibility of eye care both domestically and abroad [1] . Smartphones have been useful in the emergency department setting, for inpatient consultations, and during examinations under anesthesia since they provide a cheap, portable option for obtaining high-quality images of the fundus [2] . Additionally, smartphone fundus photography is well tolerated in awake patients since the light intensity is well below that in standard indirect ophthalmology [3] . However, methods that require using both a built-in smartphone camera and an external ophthalmic lens simultaneously prove difficult for many due to issues with controlling the focus and exposure during image capture, which may result in glare and poor image quality.
The D-EYE device (D-EYE Srl, Padova, Italy; https://www.d-eyecare.com), a magnetic fundus lens that attaches to an iPhone, utilizes a user-friendly smartphone application and the built-in iPhone camera to take fundus photographs and videos. D-EYE is FDA approved, and its corresponding smartphone application is HIPPA compliant. This makes it an effective and simple method to capture, document, and consult within a single interface. In a previous study, the Ross Eye Institute in Buffalo, NY, demonstrated the utility of the D-EYE technology in a clinical setting [1] . The device was successfully implemented in capturing photos of a diffuse range of pathology, including optic nervehypoplasia/cupping/pallor, colobomas, and drusen. The captured photos were used in documentation, follow-up, and discussion of complex cases with colleagues and patients alike. Likewise, D-EYE has been shown to produce high-quality fundus images and successfully detected abnormal pathology in an emergency department setting and it has shown its usefulness as an alternative means to slit-lamp exams to determine VCDR [4] 
Methods
Data Acquisition and Analysis
Patients 
Statistical Analysis
Using IO as the gold standard, the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR), and negative LR were calculated for the detection of fundus abnormalities, optic nerve size abnormalities, and optic nerve color abnormalities using D-EYE.
These statistical measures were also determined for the detection of abnormalities at different age groups. Absolute agreement of the c/d ratios and agreement within a value of 0.1 were calculated between the different D-EYE examiners.
Cup-to-disc ratio agreement was also calculated between D-EYE and the indirect fundus examinations. Statistical difference between the mean c/d ratio assessed during the D-EYE and IO examinations was assessed using an unpaired t-test.
Results
In the study, 172 eyes from 87 subjects were examined using D-EYE and IO. All the D-EYE videos were able to be analyzed. The mean age of the subjects was 7.6 years old (±0.78) with 38 subjects between the ages of 3 -6, 31 subjects between the ages of 7 -10, and 18 subjects between the ages of 11 -18. 48.2% of the sub- In comparing D-EYE to IO for detecting fundus abnormalities, the sensitivity was 0.72, specificity was 0.97, PPV was 0.77, NPV was 0.97, positive LR was 27.8, and negative LR was 0.29 (Table 1) . For subjects ages 3 -6, the sensitivity of detecting fundus abnormalities was 0.67, specificity was 1.00, PPV was 1.00, and NPV was 0.97. Sensitivity for those ages 7 -10 was 0.60, specificity was 0.97, Many distinct abnormalities were detectable using the D-EYE, including nystagmus, optic nerve hypoplasia, optic disc edema, peripapillary atrophy, disc pallor, optic disc drusen, optic disc coloboma, and Wyburn-Mason Syndrome.
Some of these findings may be seen in Figure 1 .
Discussion
The findings of this study indicate that D-EYE is indeed a useful method for detecting fundus abnormalities. D-EYE proved to be highly specific for detecting abnormalities and had excellent likelihood ratios, making it helpful in determining [10] .
During the data collection, it was evident that the D-EYE was especially useful in the pediatric population, as many of the study subjects were not highly com- These images could be saved in patients' electronic medical records for comparison with future exam images.
Retinal exams have already been successfully performed with the iPhone in developing countries, and this cost-effective method has diagnosed a number of cases of retinopathy of prematurity in Sub-Saharan Africa [12] . Conventional ophthalmologic exams are uncommon in these areas and most patients do not have access to facilities with expensive conventional ophthalmoscopes. In the case that a whole team of clinical staff could not logistically travel to developing countries or no eye specialists are available in a given area, training local staff and remotely analyzing images could be a solution in helping to overcome eye care disparities abroad.
Limitations to this study include examinations being conducted at a single hospital. The prevalence of abnormalities may be higher in this study than that seen in the general population due to the location of this study being at a tertiary referral center. Future studies are warranted directly comparing D-EYE to direct ophthalmoscopy and to evaluate the effectiveness of D-EYE in a telemedicine setting.
Conclusion
Based on results from this study, D-EYE is an effective tool for fundus evaluation and diagnosing retinal pathology. This device is especially useful for pediatric retinal examination, and retinal examination for poorly compliant patients.
